Objective Rectus muscle reapproximation at cesarean delivery (CD) is performed frequently by some obstetricians; however, the effect on postoperative pain is unclear. To this end, we investigated whether rectus muscle reapproximation increases postoperative pain. Materials and Methods This is a prospective, double-blind, randomized controlled trial of women undergoing primary CD with singleton or twin pregnancy at >35 weeks' gestation. Women were randomized to rectus muscle reapproximation with three interrupted sutures or no reapproximation. Exclusion criteria were prior cesarean, prior laparotomy, vertical skin incision, active labor, chronic analgesia use, allergy to opioid or nonsteroidal anti-inflammatory drugs, and body mass index ! 40. Intra-and postoperative pain management was standardized within the study protocol. The primary outcome was a combined movement pain and opioid use score averaged over the 72-hour study period, called the Silverman integrated assessment. Movement pain scores were assessed at 24, 48, and 72 postoperative hours. Results In total, 63 women were randomized, of whom 35 underwent rectus muscle reapproximation and 28 did not. Demographic and obstetric variables were similar between groups. Silverman integrated assessment scores during the 72-hour postoperative period were higher in the rectus muscle reapproximation group (15 AE 100% vs. -31 AE 78% difference from the mean; p ¼ 0.04). Operative times were similar between groups (63 AE 15 vs. 65 AE 15 minutes; p ¼ 0.61), and there were no surgical complications in either group. Maternal satisfaction with analgesia at 72 hours was high in both groups (85% [73][74][75][76][77][78][79][80][81][82][83][84][85][86][87][88][89][90] rectus muscle reapproximation vs. 90% ; p ¼ 0.16). Conclusion Rectus muscle reapproximation increased immediate postoperative pain without differences in operative time, surgical complications, or maternal satisfaction. Benefits of rectus muscle reapproximation should be weighed against increased postoperative pain, and analgesia should be planned accordingly.
Cesarean delivery (CD) is the most common surgical procedure performed in women in the United States, with nearly 1.3 million CDs performed in 2013. 1 Rectus muscle reapproximation, or suturing of the rectus muscles, is performed by many obstetricians, including 27% of those surveyed in Canada, 2 presumably to reduce the risk of persistent rectus muscle diastasis. 3, 4 However, little has been published about rectus muscle reapproximation. 5, 6 When performed at a primary CD, rectus muscle reapproximation may decrease dense intra-abdominal adhesions at the subsequent repeat CD by a factor of 4. 7 Short-term effects of rectus muscle reapproximation on issues such as pain have not been reported but may be a reason for clinician reluctance to perform rectus muscle reapproximation. In a review of evidence based surgery for cesarean delivery by Berghella et al, the authors stated that "Most clinicians agree that the muscles find the right anatomic location by themselves and that suturing them together can cause unnecessary pain when the woman starts to move after surgery."
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Given the potential for rectus muscle reapproximation to reduce adhesions but insufficient short-term postoperative data, we assessed whether rectus muscle reapproximation at CD increases postoperative pain and analgesic use in a prospective, double-blind, randomized controlled trial.
Materials and Methods
This study is a prospective, double-blind, randomized controlled trial conducted at Lucile Packard Children's Hospital at Stanford between September 2006 and July 2013. Women undergoing scheduled primary CD who were not in labor and consented to the trial were randomly assigned to receive rectus muscle reapproximation versus no reapproximation.
Inclusion criteria were women older than 18 years with a singleton or twin pregnancy at !35 weeks' gestation and with American Society of Anesthesiologists (ASA) class 1 or 2. The exclusion criteria were active labor, chronic analgesia use, vertical skin incision at cesarean, allergy to opioid or nonsteroidal anti-inflammatory drugs (NSAIDs), prior laparotomy, and class III obesity (body mass index ! 40). Randomization was conducted through sequentially numbered opaque envelopes generated by a study nurse in blocks through a random numbers table, in a 1:1 ratio.
Surgical techniques at CD were standardized within the study and included closure of the parietal peritoneum and two-layer uterine closure. For women randomized to rectus muscle reapproximation, surgeons were instructed to place three vertical midline interrupted sutures to reapproximate the rectus muscles. Suture type was initially standardized to 2-0 chromic catgut; however, after poor recruitment of surgeons willing to comply with this initial requirement, Monocryl (Ethicon) was also allowed. Surgeons were instructed not to discuss randomization group in the operating room so that the patient remained blinded to group assignment. All surgeries were performed by an attending physician and a resident physician.
In our institution, surgeons nearly universally perform a low-transverse skin incision using a Pfannenstiel approach, with a combination of sharp and blunt dissection to open the abdomen. The rectus muscles are dissected off the fascia, and the muscles are separated in the midline by pulling. The pyramidalis muscles are not routinely separated from the rectus sheath, unless the surgeon determines a need to create more room.
Intraoperative analgesia was standardized to spinal anesthesia using intrathecal bupivacaine 12 mg, fentanyl 10 mcg, and morphine 200 mcg. Postoperative pain management was standardized to scheduled ibuprofen 600 mg or, if the patient was unable to tolerate oral medications, ketorolac 15 mg intravenous every 6 hours, and, as needed, one to two tablets of either oxycodone 5 mg with acetaminophen 325 mg or hydrocodone 5 mg with acetaminophen 500 mg for breakthrough pain management. Postoperative pain scores were assessed per routine postpartum care by the patient's nurse; patients with pain scores 4/10 received one tablet of the narcotic, and patients with pain scores >4/10 received two tablets every 4 hours as needed. Patients with pain unresponsive to the aforementioned treatment could receive intravenous morphine boluses as necessary.
Verbal numeric pain scores were assessed through inperson interview in the hospital by a member of the study team at 24, 48, and 72 hours after surgery, and by telephone at 6 weeks postpartum. Women were asked to rate their pain using a 0 to 10 pain scale at rest and with movement, with 0 being no pain and 10 being the worst pain imaginable. To assess pain with movement, patients who were lying down at the time of the assessment were asked to sit up, and patients sitting at the time of the assessment were asked to stand. Maternal satisfaction with pain management was measured at 72 hours on a scale of 0 (completely unsatisfied) to 100 (completely satisfied). All members of the study team who conducted the VPS interviews were blinded to the randomization group.
Total opioid use was determined by converting administered doses of oral hydrocodone or oxycodone to "intravenous morphine milligram equivalents" using a standardized relative-potency conversion scale 8 (with 20-mg oral oxycodone or hydrocodone equivalent to 10-mg intravenous morphine) and adding total oral opioid dose to any intravenous morphine used. Total milligrams of NSAIDs and acetaminophen use were also tracked and summed. The primary outcome was the Silverman integrated assessment pain score, an approach that allows researchers to account for both the pain score and analgesic use as a single outcome measure following surgical procedures.
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Silverman integrated assessment pain and opioid score is calculated by first rank ordering each patient's total opioid use (morphine milligram equivalents) and area-under-thecurve movement pain score over the 72-hour study period, then calculating a mean for both opioid use and movement pain scores, expressing both opioid use and movement pain score as percent differences from the mean, and lastly adding the percent differences from the mean for the two variables. The Silverman integrated assessment gives both variables equal weight and allows the linked interaction between opioid use and pain scores to be accounted for.
An a priori sample size calculation based on previous institutional data estimated that we required 112 patients to show a 30% difference in pain scores when rectus muscle reapproximation was performed (80% power, two-tailed, α of 0.05). Data were analyzed by intention to treat, and the primary outcome of combined pain scores and analgesic use was analyzed using the Silverman integrated assessment 
Results
A total of 63 women were randomized into the study, 35 to rectus muscle reapproximation and 28 to no rectus muscle reapproximation (►Fig. 1). All patients received their assigned treatment, completed the study, and were analyzed in the primary outcome. The study was closed after a 6-year enrollment period, before the target sample size was obtained, because of low enrollment due to difficulties described in the discussion and to minimize potential confounding effects of a prolonged enrollment period, such as changing surgical techniques and patient population. Demographic and obstetric variables are shown in ►Table 1. Women without rectus muscle reapproximation were more likely to have had a prior full-term delivery. Other demographic and surgical variables were similar between groups.
Silverman integrated assessment scores during the 72-hour postoperative period were higher in the rectus muscle reapproximation group (15 AE 100% vs. -31 AE 78%; p ¼ 0.04; ►Table 2). When assessed independently, total opioid use was similar between groups (30 mg [18-45] rectus muscle reapproximation vs. 20 mg ; p ¼ 0.15; ►Table 2) Pain scores at rest and movement are shown in ►Table 2. No differences in rest and movement pain scores during any time-point at 24, 48, and 72 hours were found. Women interviewed at 6 weeks postpartum reported similarly infrequent rates of incisional pain, pain at rest, and pain with movement (►Table 2). Our posthoc power analysis revealed 80% power to detect a 30% difference in Silverman integrated assessment scores (p ¼ 0.05).
Operative times and surgical and infectious complications were similar between groups (►Table 3). There were no cases of wound dehiscence, cellulitis, hematoma, seroma, abscess, organ damage, or infectious morbidity in either group, and pre-and postoperative hematocrits were similar between groups. Maternal satisfaction with analgesia was high in both groups (85% [73-90] rectus muscle reapproximation vs. 90% [75-100]; p ¼ 0.16).
Comment
Our study suggests that rectus muscle reapproximation at primary CD results in increased Silverman integrated assessment scores during the first 72 postoperative hours. Increased postoperative pain with movement has been suggested as a reason some obstetricians avoid rectus muscle reapproximation, 5 and our findings appear to provide evidence for this assumption. The evidence base to assess rectus muscle reapproximation is quite limited. In 2012, Encarnacion and Zlatnik concluded in a review of evidence-based CD that additional research is needed to assess rectus muscle reapproximation as no studies on the practice could be identified. 10 In 2013, Dahlke et al concluded in an updated systematic review of randomized controlled trials assessing techniques at CD that evidence is insufficient to assess the balance of benefits and harms for the practice of rectus muscle reapproximation.
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A prospective cohort study of surgical techniques and adhesions, published in 2012, found a potential benefit of rectus muscle reapproximation with a reduction in dense and filmy adhesions at repeat CD. 7 To our knowledge, this study is the first to examine the relationship between rectus muscle reapproximation and pain; a PubMed search of the literature with the terms rectus, cesarean, and pain from 1960 to 2016 did not identify any related studies. The frequency with which rectus muscle reapproximation is performed at CD in the United States is unknown. Rectus muscle reapproximation was performed among 24% of CDs at a single U.S. hospital in the previously mentioned study of rectus muscle reapproximation and adhesions. 7 In a Canadian survey, 27% of respondents reported routinely performing rectus muscle reapproximation. 2 Given the nearly 1.3 million CDs performed in the United States in 2013, 1 it is likely that rectus muscle reapproximation is practiced in a large number of women even if one assumes the percentage of obstetricians employing the practice is relatively low. Our study highlights the importance of using a tool such as the validated but not widely used Silverman integrated assessment to assess pain and opioid use, as it accounts for critical interactions between two commonly used endpoints in surgical pain studies, the pain score and opioid use, which could skew study outcomes.
9,11 For example, patients may use more opioids because they are experiencing more pain (high opioid use, high pain scores), or have lower pain scores because of additional opioid use (high opioid use, low pain scores), or have more pain due to inadequate opioid use (low opioid use and high pain scores). Our study protocol standardized factors that could affect postoperative pain. Study participants received consistent intraoperative anesthesia, standardized postoperative pain management, and similar surgical techniques to reduce the number of potentially confounding variables and to isolate the effect of rectus muscle reapproximation on pain. As most surgeons in our institution use a Pfannenstiel skin incision and frequently a combination of blunt and sharp dissection to open the abdomen, it would have been impossible to quantify the degree to which each was used, which is why we chose a randomized study design. Closure of the parietal peritoneum has been shown to increase immediate postoperative pain [12] [13] [14] [15] and reduce adhesion formation, 16 and as such, the parietal peritoneum was closed in all patients. Chromic catgut was initially chosen for rectus muscle reapproximation due to its relatively rapid reabsorption and absence of data suggesting increased pain at laparotomy. Closure of the skin with suture or staples was left to the surgeon's discretion, and this has been shown in meta-analysis not to alter pain.
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We excluded patients with factors that may independently influence postoperative pain or surgical complications, including labor, chronic analgesia use, vertical skin incision at cesarean, prior laparotomy, and class III obesity. We made some assumptions where literature is absent about which factors alter pain: we included women carrying a singleton or twin gestation and excluded women delivering prior to 35 weeks' gestation in case potential emotional strains of an unexpected preterm birth influence perception of pain.
Women who underwent rectus muscle reapproximation were more likely to have a placental abnormality as the indication for CD, and were less likely to be parous or have breech presentation. Whether these differences in obstetric characteristics mattered to the primary outcome is unknown.
We encountered several challenges in running this study. Enrollment was slow. Our limited inclusion of only women undergoing a primary CD, not in labor, without prior laparotomy and without class III obesity contributed to slow enrollment. Furthermore, we standardized surgical techniques to reduce the number of potentially confounding variables and failed to anticipate that due to this some surgeons preferred not to enroll their patients. In an attempt to increase acceptance of our study by surgeons, we removed the requirement for use of 2-0 chromic catgut for rectus muscle reapproximation that some obstetricians found objectionable. There are no data suggesting that suture type alters pain when used in the abdomen, and because the study was randomized, we do not feel that this change introduced bias. Our group sizes were different despite 1:1 randomization. Early in the study, our randomization box, which was kept in a shared room and contained sequentially numbered cards, was moved and several cards were lost. We monitored that all remaining cards were opened in the correct order following this event, and verified that all surgeons complied with randomization throughout the study. However, our final group sizes were consequentially imbalanced at 28 and 35 patients, respectively. Finally, some patients were reluctant to enroll in an interventional trial where the outcome involved an assessment of pain.
Due to slow enrollment, we closed our study prematurely, after 6 years and before the target sample size was obtained, to minimize potential confounding effects inherent to a prolonged enrollment period such as changing surgical practices, suture preferences and patient population.
Nonetheless, we felt the results of this study are important to present. Rectus muscle reapproximation is not uncommon, yet data regarding postoperative pain and surgical outcomes are limited. Despite the premature termination of our study and our relatively small final patient numbers, we found a difference in combined pain and opioid use, and our post hoc power calculation revealed that we had 80% power to identify a 30% difference in Silverman integrated assessment scores between groups likely due to a better than expected effect size in the study. Our a priori power calculation was based on institutionally derived data estimates prior to starting the study due to the lack of literature on which to base it, and appears to have underestimated the effect size and therefore overestimated of the numbers needed to conduct this study.
Despite our study limitations, we feel that our rigorous methodology, with careful standardization of intra-and postoperative pain management and standardization of surgical techniques, enhanced our ability to isolate and assess rectus muscle reapproximation and its impact on postoperative pain and analgesic use. We used a standardized assessment of pain scores based on in-person pain assessment that considered movement as well as rest pain at standardized postoperative time points. Standardized analgesic pain management protocols also allowed for accurate assessments of postoperative opioid use.
Our results suggest that rectus muscle reapproximation modestly increases short-term postoperative opioid use and movement pain among women undergoing primary CD. Operative time, surgical complications, and maternal satisfaction do not appear to be impacted by rectus muscle reapproximation. The benefits described with rectus muscle reapproximation such as less adhesions, should be weighed against the potential for a modest increased postoperative pain and corresponding opioid use.
